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MANAGEMENT DEVICE IN DISTRIBUTING
INFORMATION, MANAGEMENT METHOD
AND MEDIUM

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

This application 1s based upon and claims the benefit of

priority of the prior Japanese Patent Application No. JP2009-
104560, filed on Apr. 22, 2009, the entire contents of which

are incorporated herein by reference.

FIELD

The present invention relates to a technology of distribut-
ing information.

BACKGROUND

Nowadays, various items of information are distributed via
a network to a user who utilizes a computer and other termi-
nals. Then, with an increase 1n quantity of information to be
distributed, a variety of technologies are proposed, which
reduce concentration of a load on a server for distributing the
information or on a network via which the information 1s
transmitted. For example, a known technology 1s that the
terminal has a relay function to share a part of the distribution
load of the server.

The following system 1s exemplified as a first example in
which the terminal has the relay function to share a part of the
distribution load of the server. In the system in the first exem-
plification, a client as an information requester queries
another client on the network about a desired content of a
moving picture. Then, 1T a distribution-enabled response say-
ing that the content can be distributed to this query 1s given,
the requester client 1ssues a request for distributing the mov-
ing picture content to the client which sent back the distribu-
tion-enabled response. Then, the requester client reproduces
the recerved moving picture content. Further, ifno response to
the query 1s given from any clients, the requester client 1ssues
a request for distributing the desired content to the server.

The following system 1s exemplified as a second example
in which the terminal has the relay function to share a part of
the distribution load of the server. In the system 1n the second
exemplification, as a first distribution mode, a device for
distributing the content distributes by streaming 1n a broad-
casting mode the content data to the terminals. Further, as a
second distribution mode, between a plurality of terminal
devices, one terminal device, which retains the content data,
distributes the content data on the basis of a request for
downloading the content data from another terminal device.
Another system 1s proposed, which has both of the first dis-
tribution mode and the second distribution mode.

SUMMARY

As described above, the conventional technology has a
contrivance for reducing the concentration of the load on the
server or the network with which the server connects. As 1n
the conventional technology, however, 1n order for the termi-
nal to distribute the data, the terminal 1s required to have
computer resources such as a storage capacity for retaining
the data. Moreover, the terminal continues its operation to get
ready for the distribution, resulting in consumption of energy
resources such as electric power.

On the other hand, for reducing the storage capacity, in the
case of adopting a method of deleting, e.g. the data with a less
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ol access frequency, there 1s a possibility that this method
might not conform to an original purpose for reducing the
concentration of the load on the server or the network with
which the server connects.

It 1s an aspect of a technology of a disclosure to restrain
resources from being used on a terminal side while reducing
concentration of a load on a distributor or a network 1n a
system of distributing the information to the terminal via a
network.

A management device of the disclosure can be exemplified
for solving the problems. The management device controls a
system 1ncluding a server to distribute information and a
plurality of terminals to receive the information and each
capable of relaying the recerved information as a relay termi-
nal. The management device determines, 1n response to a
request griven from a requester terminal included 1n a plurality
of terminals, for determiming an mformation distributor to
distribute request target information, any one of a server and
a relay terminal to retain the request target information as the
request target information distributor. Further, the manage-
ment device indicates the requester terminal and the relay
terminal determined to be the distributor, based on a status of
a route which connects the server, the relay terminal and the
requester terminal, whether the request target information can
be deleted or not after having the request target information
distributed.

The object and advantage of the embodiment will be real-
1zed and attained by means of the elements and combinations
particularly pointed out 1n the appended claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are notrestrictive of the inven-
tion, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram of a system architecture of an informa-
tion system.

FIG. 2 1s a diagram 1illustrating a detailed configuration of
a topology management device.

FIG. 3 1s a diagram 1illustrating a detailed configuration of
a terminal.

FIG. 4 1s a diagram 1llustrating of a process of updating a
cache duty according to a connection tree of a network and a
free band.

FIG. 5 1s a diagram 1illustrating the configuration of the
terminal 1n a system where the terminal performs cache con-
trol.

FIG. 6 1s a diagram 1llustrating a system architecture of the
information system.

FIG. 7 1s a diagram 1llustrating a hardware configuration of
the terminal.

FIG. 8 1s a diagram 1llustrating the connection tree.

FIG. 9 1s a diagram 1llustrating cache duty information.

FIG. 10 1s a diagram 1llustrating free band information.

FIG. 11 1s a diagram 1llustrating access information.

FIG. 12 1s a diagram 1llustrating terminal cache duty infor-
mation.

FIG. 13 1s a diagram 1llustrating relay terminal informa-
tion.

FIG. 14 1s a diagram 1illustrating an example of a data
structure of a cache.

FIG. 15 1s a diagram 1llustrating a processing procedure
starting with the terminal’s receiving a reproducing request
from a user and ending with 1ssuing a relay request to a relay
node.
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FIG. 16 1s a diagram 1llustrating a processing example of a
relay node determining unait.

FI1G. 17 1s a diagram 1llustrating a processing example of
the relay node determining unit.

FIG. 18 1s a diagram 1illustrating an operation flow when
finishing the reproduction.

FIG. 19 1s a diagram 1illustrating a connection tree, free
band information and a status of the relay node.

FIG. 20 1s a diagram illustrating a path list including a
video distribution server and a router.

FIG. 21 1s a diagram 1illustrating (part 1) illustrating a
processing procedure in which the terminal updates the cache
duty.

FIG. 22 1s a diagram illustrating (part 2) illustrating the
processing procedure in which the terminal updates the cache

duty.

DESCRIPTION OF EMBODIMENT(S)

An information system according to an embodiment will
hereinafter be described with reference to the drawings. Con-
figurations in the following embodiments are exemplifica-
tions, and the mformation system 1s not limited to the con-
figurations 1n the embodiments.

First Working Example

An information system according to a first working
example will hereinafter be described with reference to FIGS.
1 though 3. FIG. 1 1s an example of a system architecture of
the information system according to the first working
example. As 1n FIG. 1, the mnformation system in the first
working example includes a topology management device 1,
a video distribution server 2 and a terminal group of terminals
T1-T4 etc. The topology management device 1, the video
distribution server 2 and the terminals T1-T4 etc are con-
nected to each other via a network 4. The topology manage-
ment device 1 corresponds to a management device, and the
video distribution server 2 corresponds to a server. The topol-
ogy management device 1 may be called a connection man-
agement device.

In the information system 1n the first working example, the
terminals T1-T4 etc recerve distribution of information from
the video distribution server 2 or other terminals. In the first
working example, a video (namely moving pictures) 1s
assumed as the information to be distributed, and the video
distribution server 2 1s assumed as a video distribution source
(distributor). A technology of the information system 1in the
first working example 1s not, however, limited to the video
distribution but can be applied to devices on the network via
which a variety of information 1s transmitted and recerved.
For example, the technology of the information system in the
first working example can be applied to devices on the net-
work via which a sound or music including voices 1s distrib-
uted 1n place of the video or together with the video. Further,
the technology of the information system 1n the first working
example can be applied to systems 1n which images such as
static images and maps are distributed. In the first working
example, the information distributed to the terminals T1-T4
etc through a user’s operation 1s also referred to as request
target information.

Moreover, the terminals T1-14 etc are illustrated, however,
the number of the terminals 1s not limited to “4”. In the
tollowing discussion, in the case of giving a generic term to
the terminals T1-T4 etc, simply a terminology “terminal” 1s
used.
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In the information system 1in the first working example, the
terminal accepts the user’s operation and provides the user
with the video transmitted from the video distributor. In FIG.
1, the terminal T4 as a new participant terminal which accepts
newly a service requests the topology management device 1
to decide a relay source terminal as the video distribution
source. Then, the terminal T4 acquires mformation on the
decided relay source from the topology management device
1. The relay source includes the video distribution server 2
and a terminal which received 1n the past the video distributed
from the video distribution server 2 and retains the video for
turther distributing this video to other terminals. The terminal
retaining the video for distributing this video to other termi-
nals 1s called a relay node.

The video distribution server 2 retains video information 3
distributed to the terminal. The video information 3 of the
video distribution server 2 1s distributed at first to within the
network 4 and corresponds to an original of the video infor-
mation. This being the case, the video information 3 of the
video distribution server 2 1s also called the original video
information 3. On the other hand, the video information,
which 1s temporarily retained by the terminal receving the
original video information 3 or the relayed video information,
1s called *“‘cache” (cached information). The video informa-
tion will herematter be simply called the video. Further, the
“relay” connotes that the video distribution server 2 distrib-
utes the original video to the requester terminal or that the
relay node, which temporarily retains the video, distributes
the video to the requester terminal.

In the information system in the first working example, the
topology management device 1 mstructs the terminal recerv-
ing the video to retain the received video. The “instruction to
retain the received video™ 1s called a “cache retaining duty-
ON 1nstruction”. The *“cache retaining duty-ON 1nstruction™
corresponds to an instruction to disable the request target
information from being deleted after the request target infor-
mation has been distributed. Conversely, a “cache retaining
duty-OFF instruction” corresponds to an instruction to permat
the request target information to be deleted atfter the request
target information has been distributed. Further, the “cache
retaining duty-ON 1nstruction™ and the “cache retaining duty-
OFF 1instruction” correspond to indicating whether the
request target information can be deleted or not.

The terminal connecting with the network 4 in the infor-
mation system 1n the first working example, when the cache
retaining duty 1s set ON, retains the received video. On the
other hand, the terminal connecting with the network 4 in the
information system 1n the first working example, when the
cache retaining duty 1s set OFF, deletes the recerved video
alter an elapse of a predetermined period. What can be exem-
plified as the predetermined period 1s, e.g., a startup interval
of a deleting process 1n a case where the deleting process of
deleting the request target information is started up based on
a timer. Another exemplification of the predetermined period
1s timing when the relay 1s terminated in such a case that the
terminal serving as the relay node relays the request target
information with the cache retaining duty being set OFF. The
first working example does not, however, give any restrictions
on the timing t1ll the information with the cache retaining duty
being set OFF 1s actually deleted.

On the other hand, the topology management device 1
sends an instruction to the relay node which relays the video
remaining retained according to the cache retaining duty to
another terminal to set a delete permission of the video dis-
tributed to another terminal through the relay. The “instruc-
tion given to the relay node to set the delete permission of the
video™ 1s called the “cache retaiming duty-OFF instruction.”
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Further, the topology management device 1 has informa-
tion for managing the terminal with the cache retaining duty
being set ON and the terminal with the cache retaining duty
being set OFF. The topology management device 1 accepts a
request for determiming the relay source of the video from
within the terminals connecting with the network 4. Upon
accepting the request for determining the relay source of the
video, the topology management device 1 determines, with
respect to the video with the relay source determining request
being accepted, the relay source which relays the video from
within the terminals with the cache retaining duty being set
ON, and notifies the requester terminal of the determined
relay source.

In FIG. 1, the terminal T4, which newly accepts the video
distribution service, queries the topology management device
1 about the resource terminal. The terminal T3 and the termi-
nal T4 build up a terminal network B. With respect to the
query 1n the first working example, the terminal T4 specifies
the distribution target video. Then, the topology management
device 1 selects a proper terminal, e.g., the terminal T3 as the
relay node from within the terminals which retain the speci-
fied video as the cache. Then, the topology management
device 1 notifies the requester terminal T4 that the terminal T3
1s determined to be the relay node. Moreover, the topology
management device 1 sets OFF the cache retaining duty of the
terminal T3 determined to be the relay node but sets ON the
cache retaining duty of the requester terminal T4.

When the terminal T3 1s specified as the relay node, the
terminal T4 requests the terminal T3 serving as the relay node
to relay the distribution target video. Then, when the
requested video 1s relay-distributed to the terminal T4 from
the terminal T3, the terminal T4 provides the relay-distributed
video to the user according to, e.g., the user’s instruction.
After finishing the relay-distribution, the terminal T3 serving,
as the relay node deletes the already-distributed video
because of the cache duty being set OFF after the predeter-
mined period has elapsed. On the other hand, the requester
terminal T4, with the cache retaining duty being set ON,
retains the distributed video as the cache for the predeter-
mined period.

The same process as the process between the terminal T3
and the terminal T4 as explained above 1s executed also
between the terminal T1 and the terminal T2. In FIG. 1, the
terminal T1 receives a request for relaying an in-reproduction
video from the terminal T2. The terminal T1 and the terminal
12 configure a terminal network A. The terminal T1, while
reproducing the video retained as the cache, relay-distributes
the in-reproduction video with the relay request being
received to the terminal T2. The terminal T1 sets OFF the
cache retaining duty of the imnformation that 1s relay-distrib-
uted. The information with the cache retaining duty being set
OFF waits for its deletion and 1s then deleted at the predeter-
mined timing after finishing the relay. On the other hand, the
terminal T2, while reproducing the relay-distributed video
from the terminal T1, retains the relay-distributed video as the
cache.

Note that 1f there 1s no existence of the relay node retaining
the video requested by the requester terminal, e.g., the termi-
nal 4, the topology management device 1 mstructs the termi-
nal T4 to acquire the video from the video distribution server
2 1n place of the relay node. This 1s because the video distri-
bution server 2 retains the original video information 3.

The terminal included 1n the information system in the first
working example, 1n the case of relaying as the relay node the
video to other terminals, sets OFF the cache retaining duty of
the video to be distributed. Then, just when finishing, as the
relay node, the relay of the video to another terminal, the
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terminal functioning as the relay node deletes the cache of the
video with the relay being finished at the predetermined tim-
ing. Even when the relay node deletes the cache of the video
with the relay being finished, the relay destination terminal
caches the received video, and hence 1t follows that the cache
ol the video with the relay being fimished exists in the system.

In the process in FIG. 1, the cache retaining duty sequen-
tially shiits to the requester from the relay source according to
a video relay-distribution relation. The video with the cache
retaining duty being set OFF 1s deleted at the predetermined
timing. Accordingly, the cache shiit to the requester from the
video relay source enables unnecessary caches in the termi-
nals within the network 4 to be reduced while avoiding con-
centrating a load on the distributor. For example, 1n the pro-
cess 1n FIG. 1, 1t 1s feasible to reduce a possibility that the
video cache exists redundantly in the relay source of the video
and 1n the requester. Further, 1t 1s possible to reduce a possi-
bility that the caches are concentrated on one relay source.
Moreover, the terminal acquiring the video newly retains the
cache and becomes the next relay source, and therefore the
latest-accessed video 1s retained 1n the cache, which process
conforms to a LRU (Least Recently Used) algorithm.

FIG. 2 1s a function block diagram illustrating a detailed
configuration of the topology management device 1. In FIG.
2, the topology management device 1 accepts a relay node
determining request from a requester terminal U1 and selects,
¢.g., a relay node N1. The relay node N1 corresponds to a
relay terminal.

The topology management device 1 1n FIG. 2 1s a computer
including, e.g., a Network Interface Card (NIC) defined as a
connection interface with the network 4. Moreover, the topol-
ogy management device 1 further includes a CPU (Central
Processing Unit) and a storage device. The storage device
may be configured to include a main storage device and an
external storage device. The CPU of the topology manage-
ment device 1 executes programs developed in an executable
manner on the storage device, thereby functioning as a relay
node determining unit 11, a cache control unit 12 and a
network information collecting unit 13. The relay node deter-
mining unit 11 corresponds to a determining unit. The cache
control unit 12 corresponds to a control unit. Further, the
network information collecting unit 13 corresponds to an
information collecting unat.

The programs executed by the CPU of the topology man-
agement device 1 are installed into the computer via the NIC
or an attachable/detachable storage medium, etc. Further-
more, the topology management device 1 has topology (con-
nection tree) and free band information 135 and cache retain-
ing duty information 16 within the storage device. The
topology and free band information 15 may be called connec-
tion tree and free band information.

The topology and free band information 15 1s information
about a connection relation between a router and the terminal
and about a link free band, which information 1s collected by
the network information collecting unit 13. The topology and
free band information 15 corresponds to imformation of a
route status including a location of the router and the band.
The topology and free band information 15 1s also called
network information. Further, the cache retaining duty infor-
mation 16 1s information indicating whether each of the ter-
minals connecting with the network 4 has the cache duty or
not.

The relay node determining unit 11 determines any one of
another terminal retaining the video and the video distribu-
tion server 2 as the video distributor. A method of determining
the video distributor 1s not particularly restricted. For
instance, the terminal becoming the video distributor may be




US 8,924,586 B2

7

selected based on the following standards from the cache
retaining duty information 16 and the topology and free band
information 15.

(1) The terminal having a larger free band of the route extend-
ing to the requester terminal Ul from a video distributor
candidate terminal 1s selected to be the video distributor, 1.e.,
the relay node N1. The condition may be, however, such that
the free band of the route extending from the video distributor
candidate terminal to the requester terminal U1 1s larger than
the free band of the route extending from the video distribu-
tion server 2 to the requester terminal Ul.

(2) The terminal having a smaller hop count calculated as the
number of routers existing on the route extending from the
video distributor candidate terminal to the requester terminal
U1 1s selected as the video distributor, 1.¢., the relay node N1.
The condition may be, however, such that the hop count on the
route extending from the video distributor candidate terminal
to the requester terminal Ul 1s smaller than the hop count on
the route extending from the video distribution server 2 to the
requester terminal Ul.

The relay node determining unit 11 determines, from any
one of the conditions (1) and (2) given above, the relay node
N1 becoming the video distributor. Further, the relay node
determining umt 11 may also determine the relay node N1
becoming the video distributor on the condition (1) that the
free band 1s equal to or larger than the predetermine value and
the condition (2) that the hop count 1s equal to or smaller than
the predetermined value. Moreover, the relay node determin-
ing unit 11 may select the relay node N1 becoming the video
distributor at random from the plurality of terminals each
having the condition (1) that the free band 1s equal to or larger
than the predetermined value and the condition (2) that the
hop count 1s equal to or smaller than the predetermined value.

The cache control unit 12 executes updating the cache
duties of the relay node N1 and the requester terminal Ul. As
described above, the relay node determining umt 11 deter-
mines the relay node N1 becoming the video distributor in
response to the relay node determining request given from the
requester terminal Ul. Thereatfter, the cache control unmit 12
sets ON the cache duty of the requester terminal Ul but sets
OFF the cache duty of the relay node N1. According to the
cache duty instructions, the cache control unit 12 instructs the
relay node N1 determined as the video distributor to permit
the deletion of the post-distributing request target informa-
tion, and instructs the requester terminal Ul recerving the
distribution to disable the post-distributing request target
information from being deleted, 1.e., mstructs the requester
terminal Ul to continue to retain the request target informa-
tion. Namely, the cache control unit 12 transfers, based on the
relay-distribution relation, the cache duty to the requester
terminal Ul from the relay node N1. The relay-distribution
relation corresponds to arelation for transmitting or recerving,
request target information.

The cache control unit 12 notifies the terminal determined
to be the relay node N1 by the relay node determining unit 11
that the same terminal 1s determined as the relay node N1 for
distributing the video to the requester terminal U1 and that the
cache duty 1s set OFF. With this cache duty-OFF notification,
the relay node N1 sets OFF the cache duty information 16 on
the self-terminal. On the other hand, the cache control unit 12,
with the transfer of the cache duty, updates the cache duty
information 16.

The network mnformation collecting unit 13 acquires 1tems
of information on the topology and the free band of a link
from routers and the terminals on the network 4. The topology
1s information representing a connecting relation between the
routers and the terminals 1n a tree structure. The topology 1s
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also called connection tree. Further, the link 1s a transmission
path between the device and the device such as the router and
the terminal which perform the communications on the net-
work 4.

FIG. 3 illustrates a detailed configuration of the terminal.
The terminal in FIG. 3 also includes, similarly to the topology
management device 1, the connection interface such as the
NIC with the network 4, the CPU and the storage device. The
CPU of the terminal executes programs developed in the
executable manner on the storage device, thereby functioning
as a recerving unit (module) 51, a reproducing unit 52, a cache
deleting unit 53 or a relay unit 54. The programs executed by
the CPU of'the terminal are installed into the computer via the
NIC or the attachable/detachable storage medium etc. The
cache deleting unit 53 corresponds to a deleting unit. Further,
the terminal has, on the storage device, a cache 535, terminal
cache duty information 56 and relay terminal information 57.

The cache 55 1s an area, on the storage device, for tempo-
rarily retaining the recerved video. The information itself
such as the video retained 1n the area on the storage device 1s,
however, referred to also as the cache. Further, a process of
storing the information as the cache 1n the area on the storage
device 1s also termed “caching”. Moreover, the terminal has,
as cache management information, an address of the cache 55
stored with a content number for 1dentitying the video and
with the video specified by the content number. Accordingly,
the terminal can read the video associated with the content
number from the cache 55.

The terminal cache duty information 56 1s information for
speciiying whether the cache duty on a per-video basis,
accordingly, on a per-content-number basis 1s held or not. The
terminal cache duty information 56 1s stored, e¢.g., 1n a table
format on the storage device.

The relay terminal information 37 contains information on
the relay destination when further relaying the information
received by the terminal. The relay terminal information 57
contains, ¢.g., the information on the relay destination to
which the terminal currently relays the video, 1.e., the infor-
mation on the requester terminal Ul and contains the content
number of the relayed video. The information on the
requester terminal Ul contains, e.g., an address etc of the
requester terminal Ul on the network 4. Moreover, the relay
terminal information 57 may be contrived to include a termi-
nal number for identitying the individual terminal and content
information of the content relayed to the terminal specified by
this terminal number. Then, the address on the network 4,
which corresponds to the terminal number for identifying
cach terminal, may be retained as the terminal information 1n
another table.

The recerving unit 31 receives, from the topology manage-
ment device 1, the information about whether the cache duty
1s held or not, and updates the terminal cache duty informa-
tion 56. In the first working example, when the terminal
serving as the requester terminal Ul recerves the video, the
cache duty 1s set ON.

Moreover, the recerving unit 51, when the terminal func-
tions as the requester terminal Ul, requests the topology
management device 1 to determine the distributor of the video
specified by the content number. Then, the recerving unit 51
performs communications with the relay node N1 becoming
the video distributor determined by the topology manage-
ment device 1 or with the video distribution server 2 deter-
mined by the topology management device 1. In the example
in FI1G. 3, the recerving umit 351 recerves the video from the
relay node N1 and reproduces the video. Further, the receiv-
ing unit 31 writes the video received from the relay node N1
to the cache 55. In writing the video to the cache 535, the
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receiving umt 51 stores, 1n the cache management informa-
tion, the content number of the video and an address of the
cache 55 to which the video 1s written. Further, when finish-
ing reproducing the video, the recetving unit 51 notifies the
topology management device 1 that the reproduction 1s fin-
1shed and that the cache duty 1s set OFF. Moreover, the receiv-
ing unit 31, with the end of the reproduction, sets OFF the
cache duty of the video of which the reproduction is termi-
nated 1n the terminal cache duty information 56. The cache of
the video with the cache duty being set OFF 1s deleted 1n a
deleting process at the predetermined timing, e¢.g., with the
timer-based startup.

Accordingly, before finishing reproducing the video on the
terminal, 11 the video relay request 1s not given from another
terminal, the video cached 1n the cache 55 comes to a wait-
tor-deletion station. The cache duty of the video cached in the
cache 55 may, however, be set OFF after an elapse of the
predetermined period of time since the end of reproducing the
video. The content count of the videos retained 1n the cache 55
1s adjusted by controlling the predetermined period of time
since the end of reproducing each of the videos.

The cache deleting unit 33 deletes the unnecessary video
cache with, e.g., the timer-based startup. The unnecessary
video cache 1n the first working example implies the cache of
which the cache duty 1s set OFF and the relay-distribution has
already been finished. Therefore, the cache deleting unit 53,
when periodically started up on the basis of the timer,
searches for the cache of which the cache duty 1s set OFF and
the relay-distribution has already been finished from within
the caches, and deletes the searched cache. This 1s because
even when the cache duty 1s set OFF and 1f the now-relaying
video 1s deleted, such a problem arises that the relay 1s inter-
rupted.

A scheme 1n place of the timer-based startup 1s, however,
that, e.g., the terminal functions as the relay node N1, and the
cache deleting unit 53 may be started up when finishing the
relay. Namely, when the relay unit 54 terminates the relay-
distribution, a trigger signal may be transmitted to the cache
deleting unit 53 to thereby start up the cache deleting unit 53.
In any case, the first working example does not restrict the
timing when the cache deleting unit 53 1s started up.

With the operations described above, the relay node N1,
which once relay-distributes the video, can delete the cache at
a point of time when finishing the relay-distribution. The
deletion of the unnecessary caches can lead to a decrease 1n
storage capacity, and the terminal can reduce resources such
as the storage device. Further, the terminal can transition to,
¢.g., a sleep status or a power saving mode, thereby enabling
the power to be saved, because of having no necessity for
newly relaying the video. Further, the cache duty 1s trans-
terred to the requester terminal Ul from the relay node N1,
and at least one piece of video information 1s thereby retained
as the cache. Moreover, 1t 1s feasible to avoid concentrating
the video distributor’s load on the video distribution server 2
or the single relay node N1. Furthermore, the requester ter-
minal Ul retaining the cache can be said to be the terminal
which reproduces the video at the point of time after the relay
node N1 relay-distributing the video reproduced the video.
Hence, the cache of the requester terminal can be deemed to
be the latest-accessed information, and the transfer of the
cache conforms to the LRU algorithm.

As discussed above, the cache which may be deleted can be
casily determined by checking whether both of the condition
that the cache duty 1s set OFF and the condition that the
relay-distribution has already been finished are established or
not. Further, it 1s possible to easily check through the timer
whether both of the condition that the cache duty 1s set OFF
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and the condition that the relay-distribution has already been
finished are established or not.

Modified Example

In the first working example, the recerving unit 51 of the
terminal updates the cache duty according to the notification
of the cache duty from the topology management device 1.
Namely, the topology management device 1 gives the cache
duty-OFF notification to the relay node N1 which has finished
the relay-distribution. On the other hand, the topology man-
agement device 1 gives the cache duty-ON notification to the
requester terminal Ul which receives newly the video. Then,
the requester terminal Ul with the cache duty being set ON
retains the distributed video as the cache for the predeter-
mined period and, after the elapse of the predetermined
period, deletes the cache by setting OFF the cache duty of the
seli-terminal. The terminal side may, however, autonomously
set ON/OFF the cache duty without giving the cache duty-
ON/OFF notification from the topology management device
1.

For example, the relay node N1 finishing the relay-distri-
bution sets OFF the cache duty of the selif-terminal, and may
turther delete the cache of the video with the relay-distribu-
tion being finished at the predetermined timing. Moreover,
the requester terminal Ul receiving the video from the video
distributor may simply set ON the cache duty of the seli-
terminal. The cache duty of the terminal 1s updated without
any intermediary of the topology management device 1 by
setting OFF the cache duty of the terminal on the side of
distributing the video and, while on the other hand, setting
ON the cache duty of the terminal receiving the video. The
cache control unit 12 of the topology management device 1,
when indicating to the requester terminal U1 the information
with respect to the relay node N1, may update the cache duty
information 16 illustrated 1n FIG. 9. Namely, the cache con-
trol unit 12 of the topology management device 1 may update
the cache duty information 16 on the premise that the cache
duty of the relay node N1 with the relay-distribution being
finished 1s set OFF and the cache duty of the terminal receiv-
ing the video 1s set ON.

Second Working Example

A second working example will be described with refer-
ence to FIG. 4. FIG. 4 1s a diagram 1illustrating a process of
updating the cache duty in accordance with the topology of
the network and the free band. In the cache duty updating
method 1n the first working example, the cache duty 1s trans-
terred based on the relay-distribution relation to the requester
terminal Ul from the video distributor, e.g., the relay node
N1. The way that the relay node N1 continues to hold the
cache duty or the requester terminal Ul does not hold the
cache duty may be rather capable of avoiding concentrating
the load on the video distributor and reducing the terminal
load 1n some cases depending on the status of the network 4.
Such being the case, the mmformation system updates the
cache duty based on the status of the network 4.

The system architecture of the mnformation system 1in the
second working example 1s the same as 1n the first working
example. In the second working example, however, the cache
control unit 12 updates, based on the topology and free band
information 15 collected by the network information collect-
ing unit 13, the cache duties of the requester terminal Ul and
of the relay node N1.

The topology and free band information 15 represents the
connection tree expressing the network topology and the free
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band information accompanying the link of the connection
tree. Note that the network information collecting unit 13 of
the topology management device 1 collects the topology and
free band information 15 according to a protocol such as
Simple Network Management Protocol (SNMP). Other con-
figurations and operations in the second working example are
the same as 1n the case of the first working example. This
being the case, the same components as those in the first
working example are marked with the same numerals and
symbols, and their explanations are omitted. Hereinafter, 1n
the second working example, the cache duties are updated in
an updating process 1 with respect to the requester terminal
U1 and 1n an updating process 2 with respect to the relay node
N1. The CPU of the topology management device 1 executes
programs as the updating process 1 and the updating process
2, which are developed on the storage device.

In the updating process 1, the cache control unit 12 of the
topology management device 1 in FIG. 2 updates the cache
duty of the requester terminal Ul. The cache control unit 12,
if a sulficient free band 1s provided between the requester
terminal Ul and a host router called a requester next router,
sets ON the cache duty of the requester terminal Ul. On the
other hand, the topology management device 1, 11 the suifi-
cient free band 1s not provided between the requester terminal
Ul and the host router, sets OFF the cache duty of the
requester terminal Ul. Herein, the host router connotes a
router which located first among routers on the route extend-
ing from the requester terminal Ul to the video distribution
server 2 1n the connection tree. The route 1s called a server
route. The host router 1s called as a requester next router
because the host router connects the requester terminal Ul to
the server route at the first location on the server route from
the requester terminal to the video distribution server 2. In
FIG. 4, a path between the requester terminal Ul and the host
router 1s depicted by a bold line. The path between the
requester terminal Ul and the host router corresponds to a
host router connection path.

If the link with which the requester terminal U1 connects or
the path extending from the requester terminal U1 to the host
router has no sufficient band, even when the requester termi-
nal Ul caches the video, the cached video can not be effi-
ciently relayed. The updating process 1 may be called a pro-
cess of preventing the requester terminal U1 from holding the
duty 1f unable to efficiently relay the video.

In the updating process 2, the relay node N1 continues to
hold the cache duty under the condition that a path located
upper steam side toward the video distribution server 2 from
any one of the host router of the relay node N1 and the host
router of the requester terminal U1 has no suilicient free band.
Accordingly, when the suificient free band 1s not provided on
the upper stream side of the host router, the request from
another terminal 1s prevented from reaching the upper stream
side, e.g., the video distribution server 2 than the host router.
The hostrouter of the relay node N1 may be called arelay next
router.

In the updating process 2, the cache control unit 12 of the
topology management device 1 updates the cache duty of the
relay node N1. To begin with, the topology management
device 1 determines a point (confluent point) at which a route
connecting the requester terminal U1 to the video distribution
server 2 gets contluent with a route connecting the relay node
N1 to the video distribution server 2 in the connection tree.
Then, 11 the sufficient free band 1s provided between the host
router of the relay node N1 and the confluent point and i1 the
suificient free band 1s provided between the host router of the
requester terminal Ul and the contluent point, the topology
management device 1 sets OFF the cache duty of the relay
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node N1. In the updating process 2, an expression “the suifi-
cient free band 1s provided” connotes that the band necessary

for distributing the video can be ensured.

While on the other hand, 1f the condition that the sufficient
free band 1s provided between the host router of the relay node
N1 and the confluent point and the condition that the suifi-
cient free band 1s provided between the host router of the
requester terminal Ul and the confluent point, are not satis-
fied, the topology management device 1 sets ON the cache
duty of the relay node N1.

In FIG. 4, the path between the host router of the relay node
N1 and the confluent point and the path between the host
router of the requester terminal U1 and the confluent point are
depicted by dotted lines. The path between the host router of
the requester terminal Ul and the contluent point corresponds
to a first segmental path. The path between the host router of
the relay node N1 and the confluent point corresponds to a
second segmental path. The route between the requester ter-
minal Ul and the video distribution server 2 corresponds to a
first server route. The route between the relay node N1 and the
video distribution server 2 corresponds to a second server
route. If the sufficient free band 1s provided in the network
link depicted by the dotted line m FIG. 1, even when the
deleting the cache of the relay node N1, the terminal con-
nected to the network link depicted by the dotted line can
receive the video that 1s the relay-distributed from the video
distribution server 2. The updating process 2 1s a process of
determining whether the cache of the relay node N1 can be
deleted or not in a way that focuses on the network link
depicted by the dotted line 1n FIG. 1.

With the operations described above, the cache duty 1s
updated corresponding to the network status, whereby 1t 1s
teasible to realize the avoidance of the concentration on the
video distributor and the deletion of the extra caches. Namely,
as compared with the system 1n the first working example, the
determination as to whether the cache duty of the requester
terminal Ul 1s required or not can be made more finely cor-
responding to the network status in the updating process 1.
Further, the determination as to whether the cache duty of the
terminal functioning as the relay node N1 1s required or not
can be made more finely corresponding to the network status
in the updating process 2.

Third Working Example

A third working example will be described with reference
to FIG. 5. FIG. 5 1s a diagram 1illustrating a configuration of
the terminal in the system where the terminal performs the
cache control. In the third working example, the topology
management device 1 does not update the cache duty, but
cach terminal includes a terminal cache control unit 38 which
updates the cache duty. Other configurations and operations
in the third working example are the same as 1n the case of the
first working example or the second working example. This
being the case, 1n the third working example, the same com-
ponents as those 1n the first or second working example are
marked with the same numerals and symbols, and their expla-
nations are omitted. Further, in FIG. 5, the same components
as those 1n FIG. 3, e.g., the reproducing unit 52, the relay unit
54, the cache 55, the cache deleting unit 56, the relay terminal
information 37, etc are omitted. The components omitted 1n
FIG. 5 can be, however, included 1n the terminal in the third
working example.

To start with, the topology management device 1 deter-
mines, through the relay node determining unit 11 illustrated
in FI1G. 2, the relay node N1 for the requester terminal U1, and
transmits the relay node information back to the requester
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terminal Ul. Next, the requester terminal Ul executes the
tollowing processes. The following processes correspond to
the updating process 1 and the updating process 2 1n the
second working example and are therefore called an updating
process 1A and an updating process 2A respectively 1n the
third working example. The updating process 1A and the
updating process 2A are executed by the terminal cache con-
trol unit 58 1n FIG. 5. The CPU, serving as the terminal cache
control unit 58, of the terminal executes programs developed
on the storage device. The terminal cache control unit 58
corresponds to a terminal control unait.

In the updating process 1A, the requester terminal Ul
measures the band of the link between the requester terminal
U1 and the host router connected to the requester terminal U1l
itself and, 1f there 1s the sufficient band, sets ON the cache
duty. While on the other hand, the requester terminal U1, 1f
the link between the requester terminal U1 and the host router
connected to the requester terminal U1 1tself has no sufficient
band, sets OFF the cache duty.

In the updating process 2A, the requester terminal Ul
determines the confluent point by searching for the connec-
tion trees extending respectively from the requester terminal
U1 and the relay node N1 toward the video distribution server
2. The requester terminal Ul may, however, request the relay
node N1 to search for the connection tree extending from the
relay node N1 to the video distribution server 2.

Next, the requester terminal Ul makes measurements of
bottleneck links up to the video distribution server 2 respec-
tively from the requester terminal Ul and the relay node N1,
thereby obtaining links serving as the bottlenecks and bands
thereol. The requester terminal U1 may, however, request the
relay node N1 to conduct the measurements of bottleneck
links up to the video distribution server 2 from the relay node
N1. Then, 11 both of following conditions (1) and (2) are
satisiied, the requester terminal Ul sets ON the cache duty of
the relay node N1.

(1) With respect to the two measured bottleneck links and the
confluent point, any one of these bottleneck links 1s 1n a lower
position (lower steam side) than the confluent point.

(2) The bottleneck link, which 1s in the lower position (lower
steam side) than the contluent point does not have the suili-
cient band.

On the other hand, 1f any one of the conditions (1) and (2)
1s not satisfied, the requester terminal U1 sets OFF the cache
duty of the relay node N1. Namely, 1f both of the two mea-
sured bottleneck links are 1n higher positions (upper steam
side) than the confluent point or 11 the bottleneck link 1n the
lower position than the confluent point has the suilicient band,
the requester terminal U1 sets OFF the cache duty of the relay
node N1.

Herein, definitions of the “the lower position (lower steam
side)” and “‘the higher position (upper steam side)” are the
same as in the second working example. To be specific, as
viewed from the confluent point, 1f the bottleneck link exists
on the side of the video distribution server 2, the definition 1s
that the bottleneck link exists on the upper steam side. Fur-
ther, as viewed from the contluent point, 1f the bottleneck link
exi1sts 1n the direction opposite to the side of the video distri-
bution server 2, 1.¢., exists on the side of the requester terminal
U1, the definition 1s that the bottleneck link exists on the
lower steam side.

In the systems of the first working example and the second
working example, the topology management device 1 man-
ages the connection tree and the free band information, and
hence a management function and a management cost are
concentrated on the topology management device 1 as the
case may be. On the other hand, 1n the third working example,
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the terminal obtains the connection tree and the free band
information, and controls the cache of the self-terminal or the

relay node N1. Accordingly, the information system 1in the
third working example makes 1t possible to reduce the con-
centrated management cost of the topology (connection tree)
information and the concentrated management cost of the
free band information, which occur 1n the case of controlling
the caches 1n a function-concentrated system using the topol-
ogy management device 1. Further, a load of the communi-
cations for giving the instructions to between the terminals
from the topology management device 1 1s also reduced.

Fourth Working Example

The information system 1n a fourth working example will
be described with reference to FIGS. 6 through 18. The fourth
working example will exemplily a specific process 1n which
the topology management device 1 updates the cache duty
information 16. In the fourth working example also, the same
components as those in the first through third working
examples are marked with the same numerals and symbols,
and their explanations are omitted.
<Architecture>

FIG. 6 illustrates a system architecture of the information
system 1n the fourth working example. In FIG. 6, e.g., in the
terminal network B, the terminal T3 retains, in the cache, the
video recerved from the video distribution server 2 and holds
a cache retaining duty. Then, the terminal T4 as the new
participant terminal requests the topology management
device 1 to determine the video distributor. Moreover, 1n the
terminal network A, the terminal |

[2, to which the video 1s
relay-distributed from the terminal T1, retains the video 1in the
cache and holds the cache retaining duty.

FIG. 7 1llustrates a hardware configuration of the terminal.
The terminal 1s exemplified by a personal computer, a PDA
(Personal Digital Assistant), a mobile phone, a Personal
Handyphone System (PHS), a portable game machine and an
on-vehicle device. As 1n FIG. 7, the terminal includes a CPU
101, a primary storage device 102, a hard disc drive 103 as an
external storage device, an attachable/detachable storage
medium 104, a NIC 105 and a display 106. Note that the hard
disc drive 103, the attachable/detachable storage medium
104, the NIC 105 and the display 106 are connected to the
CPU 101 via interfaces. The interfaces are exemplified by, an
Advanced Technology Attachment (ATA), a fibre channel, a
Universal Serial Bus (USB) and an Internet Small Computer
System Interface (1ISCSI).

The CPU 101 executes the programs developed in the
executable manner on the primary storage device 102,
thereby providing the functions of the terminal. The primary
storage device 102 retains processing target data, e.g., the
received video or the programs executed by the CPU 101.
Further, the primary storage device 102 includes the cache 55
illustrated 1n FIG. 3. Moreover, the primary storage device
102 1s stored with the management information such as the
terminal cache duty information 56 and the relay terminal
information 57 1illustrated 1n FIG. 3.

The hard disc drive 103 saves the programs, the informa-
tion, etc stored in the primary storage device 102. For
example, the hard disc drive 103 may be configured to include
the cache 55 and the management information such as the
terminal cache duty information 56 and relay terminal infor-
mation 57. The attachable/detachable storage medium 104 1s
used when taking the programs and other categories of infor-
mation into the hard disc drive 103. The attachable/detach-
able storage medium 1s exemplified by a Digital Versatile

Disk (DVD), a Compact Disc (CD), a tlash memory card, etc.
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The NIC 105 1s used when the CPU 101 performs the
communications with other terminals, the topology manage-

ment device 1, the video distribution server 2, etc. It 1s noted,
though the illustration 1s omitted in FIG. 7, the CPU 101 may
be connected to a wireless communication device via an
interface. For 1nstance, 1 place of the NIC 105 in FIG. 7, a
base station access device for the mobile phone, a connection
device with an on-road communication device or a wireless
Local Area Network (LAN) card may be provided. Then, the
CPU 101 may perform the communications with the base
station for the mobile phone, the on-road communication
device or other wireless terminals. The display 106 1s used

when displaying the video or the information processed by
the CPU 101 on the screen.

Data Example

A data example will heremafter be described by taking the
information system including the network 4 1n FIG. 6 for
example. FIG. 8 illustrates the connection tree. The connec-
tion tree represents the topology of the network 4 in FI1G. 6. In
the example of FIG. 8, a router R1 1s connected under the
video distribution server 2, and the route branches off under
the router R1. Then, a router R2 and arouter R3 are connected
under the router R1. Moreover, the terminals T1 and T2 are
connected to the router R2. Further, the terminals T3, T4 are
connected to the router R3.

FI1G. 9 illustrates information of a content number 3 in the
cache duty information 16 held by the topology management
device 1. The cache duty information 16 in the topology
management device 1 contains information on the video other
than the content number 3 as the case may be. In FIG. 9, the
cache duty mformation 16 1s expressed in the table format,
and each row of the Table corresponds to one record of the
cache duty information 16. Each record of the cache duty
information 16 has respective elements such as a terminal
number, a content number and a cache duty. The element 1s
also called a field.

The terminal number 1s information for identitying the
terminal. Further, the content number 1s information for iden-
tifying the content. In one record of the cache duty informa-
tion 16, the terminal and the video are specified by the termi-
nal number and the content number. Then, the “cache duty”
field 1n FIG. 9 defines whether or not the relevant terminal
holds the cache duty of the relevant content. Note that each
terminal has the cache duty information 16 about the seli-
terminal.

FI1G. 10 1llustrates the free band information. The free band
information 1s contained in the topology and free band infor-
mation 15 1n FIG. 3. Each record of the free band information
in FIG. 10 contains a link ID and a free band. In the free band
information of FIG. 10, the “link 1D field specifies a link, 1.e.,
a transmission path which connects any two devices among
the video distribution server 2, the router and the terminal. In
the example of FIG. 10, the link ID 1s specified by 1dentifiers
of the devices located at both ends of the link. For example,
“Distribution Server, R1” specifies a transmission path (link)
between the video distribution server 2 and the router R1. A
value 1n the “free band” field 1s specified by the unit such as
Mbait/sec. In the following discussion, however, the free band
1s expressed 1n value having no unit.

FIG. 11 1llustrates access imformation. The access infor-
mation 1s information 1n which a terminal number and an IP
address of the individual terminal are associated with each
other. To be specific, each record of the access information
retains elements such as the terminal number and the IP
address of the terminal corresponding to the terminal number.
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FIG. 12 illustrates the terminal cache duty information 56
depicted 1n FIG. 3. The terminal cache duty information 56

retains information indicating whether each terminal holds
the cache duty of each content or not. Accordingly, the ter-
minal cache duty information 56 corresponds to information
about one terminal 1n the cache duty information 16 o1 FI1G. 9.
As 1n FI1G. 12, each record of the terminal cache duty infor-
mation 56 contains elements such as a content number and a
cache duty.

FIG. 13 illustrates the relay terminal information 57
depicted in FIG. 3. The relay terminal information 57 1is
information for defining a relation between the relay destina-
tion terminal to which the relay node N1 now relays the video
(content) and the relay target video. As 1n FI1G. 13, each record
of the relay terminal information 57 contains elements such
as a terminal number and a content number. Herein, the ter-
minal number 1s information for specilying the requester
terminal Ul defined as the video requester. Further, the con-
tent number 1s information for specitying the video content
that 1s distributed to the requester terminal Ul. Accordingly,
the relay terminal information 57 1s stored with the informa-
tion specilying which video i1s now distributed to the
requester terminal Ul.

FIG. 14 1llustrates an example of a data structure of the
cache. The cache can be 1dentified by the content number and
retains the video linked by the content number. For example,
the cache includes the management information containing a
pair of content number and video storage address and further
includes a recerved video retained in the storage address. The
management information and the video are retained 1n, e.g.,
the primary storage device 102 or the external storage device
such as the hard disk. Accordingly, the terminal may simply
acquire the received video by searching for an entry of the
management information by use of the content number to

thereby acquire the storage address 1n the primary storage
device 102.

Processing Example

FIG. 15 illustrates a processing procedure starting with the
terminal’s receiving a reproducing request from the user and
ending with 1ssuing a relay request to the relay node N1.

To begin with, the terminal T4 recerves the reproducing
request from the user (an arrowhead Al). The reproducing
request includes the content number. The video specified by
the content number corresponds to request target information.

When recerving the reproducing request from the user, the
terminal T4 sends the relay node request to the topology
management device 1 (an arrowhead A2). The relay node
request contains the content number for specitying the relay
target video and the terminal number of the requester terminal
T4. Upon recerving the relay node request from the terminal
T4, the relay node determiming unit 11 of the topology man-
agement device 1 executes a relay node determining process.

FIGS. 16 and 17 1llustrate processing examples of the relay
node determining unit 11 of the topology management device
1. Now, 1t 1s assumed that a status of the network 4 including
the topology, the cache duty and the free band information 1s
as 1llustrated in FIGS. 16 and 17. The topology and free band
information illustrated in FI1G. 16 1s acquired and managed by
the network information collecting unit 13 depicted in FIG. 2.
Thenetwork information collecting unit 13 collects the topol-
ogy and Ifree band information from the network 4 by execut-
ing, ¢.g., the SNMP.

As 1llustrated 1n FIG. 16, the router R1 1s connected to the
video distribution server 2. The link free band between the

video distribution server 2 and the router R1 1s 10. The
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assumption in the fourth working example 1s that the band 1s
expressed by the value having no unit. Further, the routers R2
and R3 are connected via two links to the router R1. Both of
the link free band between the routers R1 and R2 and the link
free band between the routers R1 and R3 are 5. Moreover, the
terminal T1 1s connected to the router R2 via the link having,
the link free band “8”. Further, the terminal T2 1s connected to
the router R2 via the link having the link free band “10”. Still
further, the terminal T3 1s connected to the router R3 via the
link having the link free band “8”. Yet further, the terminal T4
1s connected to the router R3 via the link having the link free

band “10”. In the topology of FIG. 16, the terminal T4 1s the

video requester terminal Ul. Moreover, 1n FIG. 16, it 1s
assumed that the video having the content number which 1s
requested by the terminal T4 1s retained 1n the terminals T1
and T3. The terminal T1 and the terminal T3 are called relay
node candidates.

As 1llustrated 1n FIG. 17, the relay node determining unit
11 obtains, as viewed from the requester terminal T4, an
intra-route link free band and a hop count up to the relay node
candidate. The relay node candidate includes the terminal
holding the cache duty and the video distribution server 2.

In the process of the relay node determining unit 11, the
intra-route link free band 1s defined as a minimum value of the
respective link free bands between the terminals and the indi-
vidual relay node candidates. Further, the hop count 1s defined
as the number of the routers between the terminals (the rout-
ers located on the route). The relay node determining unit 11
selects the terminal 13 as the relay node from within the relay
node candidates by the following standards (1)-(3). FI1G. 17
illustrates a result of the selection by the relay node determin-
ing unit 11.

(Standard 1) The relay node determining umt 11 detects the
mimmum link free band as the intra-route link free band on
the route extending from the requester to the relay node
candidate. Then, the relay node determining unit 11 selects
the relay node candidate with the maximum intra-route link
free band as the connection destination.

(Standard 2) If there 1s the plurality of relay node candidates
having the maximum intra-route link free band, the relay
node determining unit 11 selects the relay node candidate
having the minimum hop count calculated from the requester
from within the plurality of candidates with the maximum
intra-route link free band.

(Standard 3) I1 there 1s the plurality of relay node candidates
having the maximum intra-route link free band and the mini-
mum hop count calculated from the requester, the relay node
determining unit 11 randomly selects one of the plurality of
candidates having the maximum intra-route link free band
and the minimum hop count, and determines the selected
relay node candidate as the connection destination.

FIG. 17 illustrates a processing result with respect to the
example of the topology and free band information 1n FIG.
16. Namely, the terminal T3 1s determined as the relay node
N1 for the terminal T4 defined as the requester terminal Ul.
As viewed from the terminal T4, the link up to the terminal T3
defined as the relay node candidate has the intra-route link
free band “8 and the hop count “1”. On the other hand, as
viewed from the terminal T4, the link up to the terminal T1
defined as another relay node candidate has the intra-route
link free band 3 and the hop count “3”. Further, as viewed
from the terminal T4, the link up to the video distribution
server 2 has the intra-route link free band *“5” and the hop
count “2”. Then, the relay node determining unit 11 deter-
mines the terminal T3 as the relay node N1 by the (Standard

).
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After determining the relay node, the relay node determin-
ing unit 11 transmits a cache duty update request to the cache
control unit 12 (an arrowhead A3 1n FIG. 15). The cache duty
update request contains a terminal number of the video
requester and a relay node number. The relay node number
may be defined as the terminal number when the relay node
N1 1s the terminal and to a previously allocated special num-
ber 1n the case of the video distribution server 2.

When receiving the cache duty update request from the
relay node determining unit 11, the cache control unit 12
executes the cache duty updating process. In the cache duty
updating process, the cache control unit 12 updates the cache
duty information illustrated in FI1G. 12. Further, each terminal
1s notified of whether the cache duty 1s held or not according
to the following procedure. To be specific, the cache control
umt 12 notifies the relay node N1 that the cache duty of the
video specified by the request target content number be set
OFF (an arrowhead A4-2). Furthermore, the cache control
unit 12 notifies the relay node determiming unit 11 that the
cache duty of the terminal T4 be set ON (an arrowhead A4-1).

The relay node determining unit 11 notifies the terminal T4
of the information on the relay node N1 and also instructs the
terminal T4 to set ON the cache duty (an arrowhead A4-0).

The terminal T4 receives the relay node information and
the designation (ON/OFF) of the cache duty from the topol-
ogy management device 1. Moreover, the terminal T4 writes
“ON” to the terminal cache duty information 56 with respect
to the video having the requested content number. The relay
node mformation 1s mformation required for accessing the
relay node on the network and 1s, e.g., the IP address 11 on the
Internet Protocol (IP) network.

The terminal T4 accesses the relay node N1 by making use
of the relay node information and sends the relay request (an
arrowhead AS). The relay request contains the content num-
ber and the terminal number of the requester terminal T4.

The relay unit 34 of the relay node N1, upon recerving the
relay request, executes a relay destination adding process.
Namely, the relay unit 534 adds a tuple of the relay destination
terminal number and the content number to the relay terminal
information 57. Further, the relay unit 34 reads the video
having the content number contained in the relay request from
the cache area, and distributes the video to the relay destina-
tion terminal 4 (an arrowhead ASA)

The terminal T4 receives the video from the relay node N1
and writes the video to the cache while reproducing the
received video by a reproducing device. The reproducing
device 1ncludes, e.g., a decoder which decodes the recerved
video, a DA (Digital-to-Analog) converter, a graphic board,
an amplifier, etc. The reproduced video 1s output from the
display 106 and an umillustrated loudspeaker. The video
information, which 1s so stored as to be identifiable by the
content number, 1s written to the cache.

FIG. 18 illustrates an operation flow when fimishing the
reproduction. FIG. 18 1llustrates an example 1n a case where
the terminal T4 finishes reproducing the video having the
content number 3. The video 1s relay-distributed to the termi-
nal T4 from, e.g., the relay node N1. As explained in FIG. 15,
the relay-distributed video 1s written to the cache of the ter-
minal T4. The relay node N1, when finishing relaying the
requested video, notifies the terminal T4 of the end of the
relay (an arrowhead B1). After the end of the relay, the rela
node N1 deletes, from the relay terminal information 57, an
entry 1n the content number of the content with its transmis-
sion being finished and an entry 1n the relay destination ter-
minal number. Note that the relay node N1 deletes, upon, e.g.,
the timer-based startup, the video with 1ts relay being finished
and with the cache duty being set OFF from the cache.
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On the other hand, the terminal T4 continues to reproduce
the video even after finishing the relay-distribution of the
video. Then, the recerving unit 51 of the terminal T4, when
reproducing the video received from the relay node N1 to the
end, transmits end-of-reproduction notification to the cache
control unit 12 of the topology management device 1 (an
arrowhead B2). The end-of-reproduction notification con-
tains the terminal number of the self-terminal and the content
number of the content with 1ts reproduction being finished.
Further, the terminal T4 sets OFF the terminal cache duty
information 56 of the selt-device. It 1s noted, with the end of
the reproduction, the terminal T4 may wait t1ll the predeter-
mined period of time elapses after finishing the reproduction
in place of setting OFF the cache duty of the video of which
the reproduction has been terminated. Then, the predeter-
mined period of time elapses after the end of the reproduction,
and the request for the relay-distribution 1s not given from any
other terminals, 1n which case the terminal T4 may set OFF
the terminal cache duty information 56 of the seli-device. The
terminal T4, 1n the case of setting OFF the cache duty after the
clapse of the predetermined period of time subsequently to
the end of the reproduction, may simply notify the topology
management device 1 that the cache duty has been set OFF.

When recerving the end-of-reproduction notification from
the terminal T4, the cache control unit 12 of the topology
management device 1 sets OFF the cache duty in the record
specified by the terminal number and the content number 1n
the cache duty information 16, which are related to the recep-
tion of the end-of-reproduction notification. As a substitute
for the end-of-reproduction notification, the cache control
unit 12 of the topology management device 1 may, when
receiving the notification indicating that the cache duty has
been set OFF after the elapse of the predetermined period of
time subsequently to the end of the reproduction, set OFF the
cache duty related to the content number received with the
notification.

Then, the terminal T4 fimshing the reproduction periodi-
cally deletes the video 1n the cache 55. For instance, the cache
deleting unit 53 1llustrated 1 FIG. 3 may also be invoked
periodically by the timer. Then, the cache deleting unit 53
invoked by the timer searches for the content number, which
satisfies the following conditions, from within the respective
content numbers existing in the cache 35.

(1) The cache duty 1s set OFF 1n the terminal cache duty
information 36.

(2) Any entries do no exist in the relay terminal information
57. The cache deleting unit 33 may, 1n the case of having
detected the content number satisiying both of the conditions
(1) and (2), delete the video linked to the detected content
number from the cache 55.

The confirmation of the conditions (1) and (2) enables the
terminal T4 to delete the cache of the video that has no cache
duty and 1s deemed unnecessary 1n a way that excludes the
video 1n the process of being relay-distributed. With the peri-
odical timer-based startup of the cache deleting umit 53, it 1s
teasible to easily confirm that the conditions (1) and (2) are
established and to delete the unnecessary cache. The cache
deleting process according to the timer-based startup of the
cache deleting unit 53 which has been described so far may
similarly be executed also in the relay node N1. The relay
node N1 may start up the cache deleting unmit 33 1n the way of
being triggered by finishing the relay-distribution.

As discussed so far, 1n the information system of the fourth
working example, from the relay-distribution relation
between the requester terminal Ul and the relay node N1, the
topology management device 1 sets ON the cache retaining,
duty of the requester terminal Ul and sets OFF the cache
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retaining duty of the relay node N1. According to the process
in the fourth working example, 1t 1s possible to relax the
concentration of the video distribution load on the video
distribution server 2 or one relay node N1.

Further, the relay node N1 has a less possibility of main-
taining the cache long and can therefore reduce the storage
capacity for maintaining the cache. Moreover, the relay node
N1 has an increased possibility that the cache can be deleted
when finishing the relay and can therefore save the power for
distributing the video to a greater degree than in the case of
maintaining the cache long.

Further, on the requester terminal U1 with the video being,
reproduced later than the relay node N1, 1.e., on the terminal
T4 m the fourth working example, the cache can be main-
tained long. It 1s therefore possible to realize the cache man-
agement which conforms to the LRU algorithm.

Moreover, the cache deleting unmit 33 1s started up based on
the timer, thereby enabling the video cache to be easily
deleted by determining the establishment of the two condi-
tions that the cache duty of the cached video 1s set OFF and
that the video 1s not in the process of being relay-distributed.

Fiith Working Example

A fifth working example will be described with reference
to FIGS. 19 and 20. The fifth working example will discuss a
specific processing example 1n which the cache control unit
12 updates the cache duty on the basis of the topology and free
band information 15 of the network 4 1n the process when
reproduced. The system architecture in the fifth working
example 1s the same as 1n the first through fourth working
examples. Further, in the information system of the fifth
working example, the processing sequence 1s the same as 1n
FIG. 15 1n the fourth working example, however, the update
procedure of the cache duty information changes from the
procedure 1n the fourth working example.

An assumption in the fifth working example 1s that topol-
ogy and free band imnformation 15 and the status of the relay
node N1 are as 1llustrated in FIG. 19. It 1s also assumed that a
bit rate of the distribution target video 1s “2”. Herein, an
assumption is that the bit rate 1s expressed on a non-unit basis.
Further, the requester terminal U1 1s presumed to be, e.g., the
terminal T4. Moreover, the relay node N1, which relay-dis-
tributes the video to the requester terminal U1, 1s presumed to
be the terminal T1.

The cache control unit 12 of the topology management
device 1 obtains the host router of the terminal T4 defined as
the requester terminal Ul from the connection tree. In FIG.
19, the cache control unit 12 obtains the router R6 as the host
router of the terminal T4. If the suflicient free band 1s pro-
vided between the requester terminal Ul and the host router
R6, the cache control unit 12 sets ON the cache duty of the
requester terminal Ul. Furthermore, whereas 11 the suificient
free band 1s not provided between the requester terminal Ul
and the host router R6, the cache control unit 12 sets OFF the
cache duty of the requester terminal U1.

In the fifth working example, the expression that “the sui-
ficient free band i1s provided between the two points” is
defined such that “the band for streaming al-piece(s) of
video(s) 1s left between the two points”, which satisfies the
following formula.

(Minimum Value of Free Band of Link Connecting

Two Points)=(Bit Rate of Video)xal Formula (1)

where it 1s presumed that o.1=1.
In the example of FI1G. 19, the link free band 1s 10, the video

bit rate 1s 2, and al=1, which satisfies the formula (1).
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Accordingly, the cache duty of the terminal T4 serving as the
requester terminal Ul 1s set ON.

Next, the cache control unit 12 determines, on the connec-
tion tree, a confluent point at which the path connecting the
relay node N1 to the video distribution server 2 gets contluent
with the path connecting the requester terminal Ul to the
video distribution server 2. In the determination of the con-
fluent point, the cache control unit 12 obtains a list of video
distribution server 2 and routers included on each path.

FI1G. 20 1llustrates a path list including the video distribu-
tion server 2 and routers. Each row of the Table illustrated in
FIG. 20 corresponds to a record of one path. The elements of
the path list include a train of devices 1n the sequence toward
a lower steam direction from the video distribution server 2.
To be specific, the firstrow 1n FIG. 20 1s a descriptionrow. The
top element 1n the first row includes a description “element
number”, and the elements from the second onward represent
the positions of the elements 1n the sequence such as 1, 2, 3
and 4.

Furthermore, the second row 1n FIG. 20 indicates a list of
the path extending from the video distribution server 2 to the
terminal T1 serving as the relay node N1. The list of the path
extending to the terminal T1 includes the video distribution
server 2 and the routers R1, R2 and R4. Moreover, the third
row 1n F1G. 20 indicates the list of the path extending from the
video distribution server 2 to the terminal T4 serving as the
requester terminal Ul. The list of the path extending to the
terminal T4 1ncludes the video distribution server 2 and the
routers R1, R3 and R6.

The cache control unit 12 compares the two lists sequen-
tially from the top element and obtains the elements that are
different first in their numbers. In FIG. 20, with respect to the
clement number 3, the element 1n the list of the path extending
to the terminal T1 serving as the relay node N1 is the router
R2, and the element 1n the list of the path extending to the
terminal T4 serving as the requester terminal Ul 1s the router
R3. Then, the cache control unit 12 sets, as the confluent
point, the element(s) 1in the element number 2 anterior by one
to the element number 3. In the examples of FIGS. 19 and 20,
the confluent point 1s the position of the router R1.

The cache control unit 12, it the sufficient free band 1s
provided between the host router of the relay node N1 and the
confluent point and further 1t the suflicient free band 1s pro-
vided between the host router of the requester terminal Ul
and the contluent point, sets OFF the cache duty of the relay
node N1. While on the other hand, the cache control unit 12,
(1) 11 the suilicient free band 1s not provided between the host
router of the relay node N1 and the confluent point or (2) if the
suificient free band 1s not provided between the host router of
the requester terminal U1 and the confluent point, sets ON the
cache duty of the relay node N1. Namely, in the case of
satistying at least one of the conditions (1) and (2), the cache
control unit 12 sets ON the cache duty of the relay node N1.
The expression of *“‘the suificient free band i1s provided

between the two points™ satisfies, it 1s assumed, the following,
formula (2).

(Minimum Value of Free Band of Link on Path Con-

necting Two Points)=(Bit Rate of Video)xa?2 Formula (2)

where 1t 1s presumed that ¢.2=3.

In the example of FIG. 19, the minimum value of the link
free band on the route connecting the relay node N1 to the
confluent point R1 1s 4, the video bit rate 1s 2, and a.2=3,
which does not satisiy the formula (2). Therefore, the cache
control unit 12 sets ON the cache duty of the relay node N1.

As discussed above, according to the information system 1n
the fifth working example, the cache duty can be updated
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based on the connection tree of the network 4 and the free
band information. Unless the suificient free band 1s provided
between the requester terminal Ul and the host router, the
requester terminal Ul, even when keeping the video as the
cache after receiving the video, has a high possibility that the
requester terminal Ul can not efliciently distribute the video
kept as the cache. Accordingly, 1n this case, the cache capacity
and the load on the distributing process on the requester
terminal Ul can be reduced by deleting the cache of the
requester terminal Ul.

Moreover, for instance, as 1n the example of FIG. 19, the
cache control unit 12 keeps ON the cache duty of the relay
node N1 1f the suflicient free band 1s provided neither between
the host router of the relay node N1 and the confluent point
nor between the host router of the requester terminal Ul and
the contluent point, thereby allowing a rise 1n cache capacity
and giving the priority to maintaining and improving the
video distribution performance by the relay-distribution
function of the relay node N1.

On the other hand, whereas 11 the sufficient free band 1s
provided between the host router of the relay node N1 and the
confluent point and between the host router of the requester
terminal Ul and the contluent point, the video distribution
server 2 may smoothly execute distributing the wvideo.
Accordingly, the cache capacity can be reduced by deleting
the cache of the relay node N1. Further, the load on executing
the relay-distribution of the relay node N1 1s decreased. As
described above, according to the information system in the
fifth working example, the determination as to whether the
cache on the terminal for the relay-distribution 1s required or

not, 1s properly made based on the connection tree of the
network 4 and the free band information.

Sixth Working Example

A sixth working example will be described with reference
to FIG. 21. In the sixth working example, the cache duty 1s
updated based on topology information of the network and
the free band information. Other configurations and opera-
tions 1n the sixth working example are the same as in the case
of the forth and fifth working examples. This being the case,
in the sixth working example, the same components as those
in the fourth and fifth working examples are marked with the
same numerals and symbols, and their explanations are omit-
ted. Further, the reference to the drawings 1n the first through
fifth working examples are made as the necessity may arise.

FIG. 21 1illustrates a processing procedure in which the
terminal updates the cache duty. In FIG. 21, processes in an
area circumscribed by a rectangular frame SQ1 are different
from those 1n the fourth working example. In the sixth work-
ing example also, similarly to FIG. 15 in the fourth working
example, the topology management device 1 executes the
relay node determining process. After determining the relay
node, the topology management device 1 sends, as the relay
node information, the node number of the terminal deter-
mined to be the relay node N1 or the address on the network
4 back to the terminal T4 serving as the requester terminal U1.
In FI1G. 21, the IP address 1s exemplified as the address on the
network 4.

Next, the recerving unit 51 of the terminal T4 transmits,
betore giving the relay request (an arrowhead AS) to the relay
node N1, a cache duty update request to the terminal cache
control unit 38 (an arrowhead A6). The cache duty update
request contains the relay node information, e.g., the terminal
number of the relay node N1 or the address of the relay node
N1 on the network 4.
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Upon recerving the cache duty update request, the terminal
cache control unit 58 executes updating the cache duty of the
seli-terminal and updating the cache duty of the relay node
N1. In the update of the cache duty of the self-terminal, the
terminal cache control unit 38 measures the band (of the path)
up to the host router to which the terminal T4 1s connected
and, 1f the suflicient free band is provided, sets ON the cache
duty of the self-terminal. Further, the terminal cache control
unit 58, whereas 11 the sufficient free band 1s not provided on
the path extending to the router to which the terminal T4 1s
connected, sets OFF the cache duty of the self-terminal. The
band measurement by the terminal T4 can involve using the
existing software such as pathchar (Itp://ftp.ee.1ibl.gov/path-
char/) and pchar (http://www.kitchenlab.org/www/bmah/
Software/pchar/). The resultantly obtained imnformation 1s the
same as the free band information 1n FIG. 10.

Moreover, 1n the update of the cache duty of the relay node
N1, the terminal cache control unit 58 searches for the relay
routers 1n the direction from the terminal T4 to the video
distribution server 2, and thus acquires the list of the path
connecting with the terminal T4 in the path lists similar to
those 1 FIG. 20. For searching for the relay routers, the
terminal cache control unit 38 can utilize the existing soft-
ware such as traceroute (http://ja.wikipedia.org/wiki/Tracer-
oute).

Further, the terminal cache control unit 58 makes the
bottleneck link measurement on the route from the terminal
T4 to the video distribution server 2, thus obtaining the link
number of the link serving as the bottleneck link and the band
of this link. The terminal cache control unit 58 utilizes the
soltware such as pathchar and pchar for obtaiming the bottle-
neck link number and the band thereof. In the sixth working
example, the route extending from the terminal T4 to the
video distribution server 2 corresponds to a first server route.

For instance, with respect to the network 4 in FI1G. 19, there
are resultantly obtained the band mimimum value “4” on the
route between the terminal T4 and the video distribution
server 2 and the link R1-R3 (having this value). The link
R1-R3 1s a transmission path which connects the router R1 to
the router R3.

The terminal cache control unit 58 requests the relay node
N1 to search for the relay routers and to measure the bottle-
neck link (an arrowhead A7). Then, the relay node N1 con-
ducts the measurements of the bottleneck links on the route
from the relay node N1 to the video distribution server 2,
thereby acquiring the link number of the link becoming the
bottleneck link and the band thereof. Subsequently, the relay
node N1 reports a result of the measurement to the terminal
T4. As a consequence of this, the terminal cache control unit
58 obtains the path lists on the side of the relay node N1 from
within the path lists of FIG. 20, and obtains the bottleneck link
number of the link on the route extending from the relay node
N1 to the video distribution server 2 and the band thereof. In
the sixth working example, the route from the relay node N1
to the video distribution server 2 corresponds to a second
server route.

The terminal cache control unit 38 acquires, in the same
procedure as in the second, third and fifth working examples,
the confluent point between the route extending from the
terminal T4 to the video distribution server 2 and the route
from the relay node N1 to the video distribution server 2.
Moreover, the terminal cache control unit 58, 1f at least one of
the two bottleneck links 1s 1n the lower position than the
confluent point and 11 the band of this link 1s not suilicient,
sets ON the cache duty of the relay node N1. Further, the
terminal cache control unit 58, 1f both of the two bottleneck
links are 1n the upper stream positions than the contluent point
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or 11 the bottleneck link 1n the lower position than the conflu-
ent point has the suificient band, sets OFF the cache duty of

the relay node N1. Herein, the phase “having the suificient
band” connotes that the free band can sufliciently ensure the
bit rate of the video distribution, and, to be specific, the
determination thereof can be made 1n the same way as by the
formula (2) 1n the fifth working example.

The terminal cache control unit 58 sends the cache duties of
the terminal T4 and of the relay node N1, which are obtained
together with the content number of the video, to the cache
control unit 12 of the topology management device 1 (an
arrowhead A8). The topology management device 1, accord-
ing to the transmitted cache duties of the terminal T4 and the
relay node N1, sets ON or OFF the cache duties of the termi-
nal T4 and the relay node N1 with respect to the transmitted
content number, and stores the cache duties (ON/OFF) 1n the
cache duty information 16.

Moreover, the terminal cache control unit 58 transmits the
cache duty of the relay node N1 together with the content
number to the relay node N1 (an arrowhead A9). The relay
node N1 sets ON or OFF the cache duty according to the
transmitted cache duty with respect to the transmitted content
number, and stores the cache duty (ON or OFF) 1n the termi-
nal cache duty information 56. The processes from the arrow-
head AS onward are the same as 1n the case of the FIG. 15.

Moreover, the process of deleting the video with the cache
duty being set OFF 1s executed by the cache deleting unit 53
described in FIG. 3 in the first working example. To be spe-
cific, the cache deleting unit 33 is started up at the predeter-
mined timing and deletes the video with the cache duty being
set OFF and specified by the content number that 1s not
registered 1n the relay terminal information.

In the sixth working example, the terminal cache control
unit 58 of the terminal T4 requests the relay node N1 to
perform the measurements of the bottleneck links from the
terminal T4 up to the video distribution server 2, thereby
enabling the cache control to be executed in the same way as
in the fourth or fifth working example. Moreover, the terminal
T4 executes the cache control, whereby the load, on the
topology management device 1 which executes managing the
connection tree and the free band as in the fourth working
example or the fifth working example, 1s shared with the
individual terminal T4.

Seventh Working Example

A seventh working example will be described with refer-
ence to FI1G. 22. In the sixth working example, the terminal
cache control unit 58 of the terminal T4 executes updating the
cache duty. Further, the terminal cache control unit 58 1n the
sixth working example, on the occasion of updating the cache
duty, requests the relay node N1 to measure the bottleneck
links. In the seventh working example, in place of the pro-
cesses 1n the sixth working example, the terminal cache con-
trol unit 58 of the relay node N1 executes the update of the
cache duty. Moreover, the terminal cache control unit 58 of
the relay node N1, on the occasion of updating the cache duty,
requests the terminal T4 serving as the requester terminal Ul
to measure the bottleneck links. Other configurations and
operations 1n the seventh working example are the same as 1n
the sixth working example. This being the case, the same
components as those 1n the sixth working example are marked
with the same numerals and symbols, and their explanations
are omitted. Further, the configurations of the terminal and
the topology management device 1 in the seventh working
example are the same as those in the first through sixth work-
ing examples.
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In FIG. 22, the processes different from those in FI1G. 21 are
circumscribed by a rectangle SQ2. In FIG. 22 also, similarly
to FIG. 21, the topology management device executes the
relay node determining process and notifies the terminal T4 of
the relay node information in response to the relay node
determining request given from the terminal T4 defined as the
requester terminal Ul. Herein, the terminal T3 1s determined
to be the relay node N1. Then, the terminal T4 transmuits the
relay request to the relay node N1 on the basis of the notified
relay node information (an arrowhead A15). The relay
request contains the content number and the terminal number
of the requester terminal T4.

Upon recerving the relay request, the relay unit 34 of the
relay node N1 transmits the cache duty update request to the
terminal cache control unit 58 of the relay node N1 (an arrow-
head A16). The cache duty update request contains the ter-
minal number of the terminal T4 or the address of the terminal
T4 on the network 4.

When recerving the cache duty update request, the terminal
cache control unit 58 of the relay node N1 obtains the path list
of the path connected to the relay node N1 by searching for
the relay routers 1n the direction from the relay node N1 to the
video distribution server 2. The search for the relay routers
can involve utilizing the same existing software as in the sixth
working example. Moreover, the terminal cache control unit
58 of the relay node N1 measures the bottleneck link on the
route extending from the relay node N1 up to the video
distribution server 2, thereby acquiring the link number of the
link serving as the bottleneck link and the band thereof. In the
seventh working example, the route extending from the relay
node N1 up to the video distribution server 2 corresponds to
the first server route.

Next, the terminal cache control unit 58 requests the ter-
minal T4 to measure the band of the link via which the relay
requester terminal T4 connects with the host router, to search
tor the host router and to measure the bottleneck link extend-
ing from the host router up to the video distribution server 2
(an arrowhead A17). In the seventh working example, the
route extending from the relay requester terminal T4 up to the
video distribution server 2 corresponds to the second server
route. Then, the terminal T4 measures the band of the link to
the host router. Further, the terminal T4 performs the bottle-
neck link measurement on the route from the terminal T4 up
to the video distribution server 2, and acquires the link num-
ber of the bottleneck link and the band thereotf. Then, the
terminal T4 reports a result of the measurement to the relay
node N1. As a result, the terminal cache control unit 58 of the
relay node N1 acquires the band of the link from the terminal
T4 to the host router, the link number of the bottleneck link
from the terminal T4 to the video distribution server 2 and the
band of the bottleneck link.

The terminal cache control unit 38 of the relay node N1, in
the same procedure as 1n the second, third and fifth working,
examples, obtains the confluent point between the route from
the terminal T4 to the video distribution server 2 and the route
from the relay node N1 to the video distribution server 2.
Moreover, the terminal cache control unit 38 of the relay node
N1, 1f any one of the two bottleneck links 1s in the lower
position than the confluent point and 1f the band of this bottle-
neck link 1s not suificient, sets ON the cache duty of the relay
node N1. Namely, the relay node N1 continues to retain the
cache ofthe video specified by the content number designated
in the relay request.

Further, the terminal cache control unit 58, 1f both of the
two bottleneck links are 1n the upper stream positions than the
confluent point or if the band of the bottleneck link existing 1n
the lower steam position than the contluent point 1s suificient,
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sets OFF the cache duty of the relay node N1. Namely, the
relay node N1 sets, 1n a wait-for-deletion status, the cache of
the video specified by the content number designated 1n the
relay request.

Moreover, the terminal cache control unit 38 of the relay
node N1 determines the cache duty of the terminal T4.
Namely, the terminal cache control unit 38 of the relay node
N1, 1f the sutficient band 1s provided on the path up to the host
router with which the terminal T4 connects, sets ON the cache
duty of the terminal T4. Further, the terminal cache control
unit 58 of the relay node N1, 1f the sufficient band 1s not
provided on the path up to the host router with which the
terminal T4 connects, sets OFF the cache duty of the terminal
14.

Then, the terminal cache control unit 58 of the relay node
N1 transmits, together with the content number of the video,
the determined cache duty of the terminal T4 and the deter-
mined cache duty of the relay node N1 to the cache control
unit 12 of the topology management device 1 (an arrowhead
A18). The topology management device 1, according to the
transmitted cache duties (ON/OFF) of the terminal T4 and of
the relay node N1, with respect to the transmitted content
number, sets ON or OFF the cache duty of the terminal T4 and
the cache duty of the relay node N1, and stores the cache
duties (ON or OFF) 1n the cache duty information 16.

Moreover, the terminal cache control unit 58 of the relay
node N1 transmits the cache duty of the terminal T4 to the
terminal T4 (an arrowhead A19). The terminal T4, with
respect to the transmitted content number, according to the
transmitted cache duty, sets ON or OFF the cache duty and
stores the cache duty (ON or OFF) in the terminal cache duty
information 36.

Note that the relay unit 34 of the relay node N1, 1n parallel
with the cache duty updating process of the terminal cache
control umt 58, adds the requester terminal T4 to the relay
terminal information, and further distributes the video thereto
(an arrowhead ASA).

Moreover, the process of deleting the video of which the
cache duty 1s set OFF 1s executed by the cache deleting unit 53
explained in FIG. 3 in the first working example. To be spe-
cific, the cache deleting unit 33 1s started up at the predeter-
mined timing and deletes the video with the cache duty being
set OFF and specified by the content number that 1s not
registered 1n the relay terminal information.

As discussed above, 1n the same way as 1n the sixth work-
ing example, the cache control 1s executed on the terminal
serving as the relay node N1, whereby the load, on the topol-
ogy management device 1 which executes managing the
topology and the free band, 1s shared with the individual relay
node N1.
<<Effects 1n First through Seventh Working Examples>>

The first through seventh working examples attain the fol-
lowing effects. The terminal, which has once relayed the
contents, can delete all the caches at the stage of finmishing the
relay-distribution. The terminal, which has none of the cache,
comes to have the decreased cache capacity and no necessity
for the new distribution and can therefore reduce the terminal
load.

It 1s controlled whether the terminal holds or deletes the
cache according to the network topology and the free band
information, thereby enabling the cache to be deleted while
avoiding the concentration of the load on the video distribu-
tor.

As 1n the third working example, the sixth working
example or the seventh working example, it 1s controlled
whether the termunal itself holds or deletes the cache,
whereby the function-concentrated server like the video dis-
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tribution server 2 etc can reduce the cost for collecting the
network imformation for controlling the caches.
<<Readable-by-Computer Recording Medium>>

A program for making a computer, other machines and
devices (which will hereinafter be referred to as the computer
etc) realize any one of the functions can be recorded on a
recording medium readable by the computer etc. Then, the
computer etc 1s made to read and execute the program on this
recording medium, whereby the function thereof can be pro-

vided.

Herein, the recording medium readable by the computer
etc connotes a recording medium capable of storing informa-
tion such as data and programs electrically, magnetically,
optically, mechanically or by chemical action, which can be
read from the computer etc. Among these recording medi-

ums, for example, a flexible disc, a magneto-optic disc, a
CD-ROM, aCD-R/W,aDVD, aBlu-ray disc,a DAT, an 8 mm
tape, a memory card such as a flash memory, etc are given as
those removable from the computer. Further, a hard disc, a
ROM (Read-Only Memory), etc are given as the recording
mediums fixed within the computer etc.

According to the management device 1, 1t 1s feasible to
restrain the resources from being used on the terminal side
while reducing the concentration of the load on the distributor
or the network.

All example and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the mvention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the mvention. Although the embodiment(s) of the
present invention(s) has(have) been described 1n detail, it
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the invention.

What 1s claimed 1s:
1. A non-transitory computer-readable recording medium
storing executable 1nstructions of a computer program that,
when executed by a computer, causes the computer to control
a system including a server to distribute information and a
plurality of terminals to recerve the information as a requester
terminal, and each capable of distributing the received infor-
mation as a relay terminal, the instructions causing the com-
puter to perform:
determining, in response to a request given from a
requester terminal included 1n the plurality of terminals
for determining a request target information distributor
to distribute request target information requested by the
requester terminal, any one of the server and the relay
terminal retaining the request target information as the
request target information distributor;
determining whether the request target information can be
held on the requester terminal and whether the request
target information can be held on the relay terminal
determined as the request target information distributor,
based on a bandwidth availability of a route which con-
nects the server, the relay terminal and the requester; and

indicating to the relay terminal or the requester terminal
whether the request target information can be deleted or
not aiter having the request target information distrib-
uted.

2. The non-transitory computer-readable recording
medium according to claim 1, further causing the computer to
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perform collecting a route status including a location of a
router and a band on the route, wherein the indicating
includes:

instructing, when a next router connection path extending,
from the requester terminal to a requester next router
located first among routers on a server route extending
from the requester terminal to the server has a free band
for distributing the request target information, the

requester terminal to disable the request target informa-
tion from being deleted; and

instructing, whereas when the next router connection path

does not have the free band, the requester terminal to
enable the request target information to be deleted.

3. The non-transitory computer-readable recording
medium according to claim 1, further causing the computer to
perform collecting a route status including a location of a
router and a band on the route, wherein the indicating
includes:

determining a confluent point between a {irst server route

extending from the requester terminal to the server and a
second server route extending from the relay terminal to
the server;
instructing the relay terminal to enable the request target
information to be deleted when both of a first segmental
path extending to the contluent point from a requester
next router located first among routers on the first server
route and a second segmental path extending to the
confluent point from a relay next router located first
among routers on the second server route have free
bands for distributing the request target information; and

instructing the relay terminal to disable the request target
information from being deleted when at least one of the
first segmental path and the second segmental path does
not have the free band.

4. The non-transitory computer-readable recording
medium according to claim 1, further causing the computer to
perform acquiring a first bottleneck link which has a narrow-
est band among links on a path extending to the server from a
requester next router located first among routers on a first
server route extending from the requester terminal to the
server and a second bottleneck link which has the narrowest
band among links on a path extending to the server from a
relay next router located first among routers on a second
server route extending from the relay terminal to the server,
wherein the indicating includes:

instructing the relay terminal to disable the request target

information from being deleted in the case of satistying
at least one of

a condition (1) that the first bottleneck link exists closer to

the requester terminal side than a confluent point
between the first server route and the second server route
but does not have a free band enabling the request target
information to be distributed, and

a condition (2) that the second bottleneck link exists closer

to the relay terminal side than the confluent point
between the first server route and the second server route
but does not have the free band enabling the request
target information to be distributed; and

instructing the relay terminal to enable the request target

information to be deleted when neither the first bottle-
neck link satisfying the condition (1) nor the second
bottleneck link satistying the condition (2) exists.

5. A management device to control a system including a
server to distribute information and a plurality of terminals to
receive the mformation as a requester terminal, and each
capable of distributing the receirved information as a relay
terminal, the management device comprising:
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processor; and

a storage device storing executable instructions that, when
executed by the processor, cause the processor to per-
form:

determining, in response to a request given from a

7. The management device according to claim 3, the

30

instructing the relay terminal to enable the request target
information to be deleted when both of a first segmental
path extending to the confluent point from the requester
next router located first among routers on the first server

At . . . d route and a second segmental path extending to the
requester terminal included 1n the plurality of terminals confluent noint from a relay next ronter located first
for determining a request target information distributor P " yd - A
to distribute request target information requested by the AIONEZ roqter > Ol the second server '1'011’[‘3 ave lree
requester terminal, any one of the server and the relay bands for distributing the request target information, and
terminal retaining the request target information as the | =~ Instructing the relay terminal to disable the request target
request target information distributor; information from being deleted when at least one of the

determining whether the request target information can be first segmental path and the second segmental path does
held on tf}e requester terminal and whether the request not have the free band.
target {n:jonnatlon can be held' on the .relay' te@lnal 8. The management device according to claim 5, the
SEteEmIHEdbaS téle yggluest tflrfeit tl;f(}r matn;;n dlﬁj[r 1111:)11‘[01' ' |5 executable instructions further cause the processor to perform
ased on a bandwidth availability of a route which con- . . : .
nects the server, the relay terminal and the requester acquiring a first bottleneck link among links on a path which
terminal: and j has a narrowest band extending to the server from a requester
indicating tjo the relay terminal or the requester terminal next router located first among, routers on a first server route
whether the request target information can be deleted or extending from the requester terminal to the server and a
not after having the request target information distrib- 20 sﬁecond bottleneck 111]!{ which has the narrowest band among
uted links on a path extending to the server from a relay next router
6 The' management device according to claim 5, the located first among routers on a second server route extending
executable instructions further cause the processor to perform _fr Ollnéhe. relay terminal to the server, wherein the indicating
collecting a route status including a location of a router and a HCIICEes. . .
band on the route, wherein the indicating includes: 25 1ostructing t he relay temmal 0 dl.s able the request target
instructing, when a next router connection path extending information from being deleted 1n the case of satistying
to a requester next router located first among routers on at le:a st one ol _ _
a server route extending from the requester terminal to a condition (1) that the first bottleneck link exists closer to
the server has a free band for distributing the request Lhi r equgfteé'r ‘E[ennlnal 51tde ??1111 d Cogﬂuent me[lt
target information, the requester terminal to disable the 30 CWEETL TME UESTSEIVEL TOUTE dlid Hhe SeCONd SETver ToUte
request target information from being deleted and !Jut does not have a free: band enabling the request target
instructs, whereas when the next router connection path 111f0¥'1.nat1011 to be distributed, and . .
does not have the free band, the requester terminal to a condition (2) that the second bottleneck link exists closer
enable the request target inf(;rmati on to he deleted. to the relay terminal side than the confluent point
35 between the first server route and the second server route

but does not have the free band enabling the request

executable mstructions turther cause the processor to perform
collecting a route status including a location of a router and a
band on the route, wherein the indicating includes:
determining a contluent point between a first server route
extending from the requester terminal to the serverand a 49
second server route extending from the relay terminal to
the server, £ % % % %

target information to be distributed, and

instructing the relay terminal to enable the request target
information to be deleted when neither the first bottle-
neck link satistying the condition (1) nor the second
bottleneck link satistying the condition (2) exists.
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